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Certain forms of human xanthoma are often
associated with disturbances in lipid metabolism
of the blood and vasculature (1—5). Morphologic
similarities in the pathology of cutaneous xan-
thoma and Vascular atheroma have led to the
suggestion that these lesions may originate in
corresponding ways (6). Biochemically another
similarity has been observed in that cholesterol
is the major lipid found in both xanthoma
(7, 8) and atheroma (9). Moreover, the esteri-
fled form of cholesterol represents approximately
two-thirds of the total stcrol accumulating in
each of these lesions (8, 10). It has been as-
sumed that these lipids found in xanthoma are
derived from the blood (7, 11) because blood
cholesterol alterations often accompany xan-
thomatosis (1—5), and the xanthoma may wax
and wane with fluctuations in serum stcrols
(11).
Comparable pathologic and biochemical ab-
normalities have been reported in experimental
xanthoma (6, 7, 12) and athcroma (13) in rab-
bits fed cholesterol. As in the human, cholesterol
esters contribute a major portion of the total
cholesterol which accumulates in experimentally
induced xanthoma and atheroma (12, 13). The
relative amounts or percentage of each fatty acid
esterifled to this cholesterol form characteristic
patterns. Thus the cholesterol ester fatty acid
(CEFA) patterns in these tissues and blood are
quite distinctive in the normal animal (14—iS)
and thereby provide biologic markers which can
be traced as alterations in these patterns during
the induction of the pathologic lesions.
Therefore, the deviations in the CEFA pat-
terns in the skin, vasculature, and blood were
studied at various intervals of time after initiat-
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ing dietary cholesterol supplementation with
the expectation that this would provide evidence
relevant to the hypothesis that sterol esters in
these tissues are derived from the circulation.
Moreover, comparison of skin and vascular
CEFA patterns present an opportunity to evalu-
ate the extent to which xanthoma development
parallels aortic plaque evolution.
Various studies have directed their attention
to the blood and aortie CEFA patterns in
cholesterol-fed rabbits (14—18). However, little
investigation has been done concerning either
normal rabbit skin CEFA, or the alterations in
these patterns with xanthoma evolution.
MATERIAL5 AND METHOO5
Animals
Twenty-eight New Zealand female rabbits
weighing 2.5 kg were utilized. Twenty animals were
fed a 4% cholesterol diet (13). The remaining
eight rabbits served as controls and were fed only
alfalfa pellets without added cholesterol.
The cholesterol-fed animals were divided into 5
groups of 4 rabbits each. These 5 groups were then
sacrificed after 2, 4, 8, 12, and 16 weeks of choles-
terol feeding. Four control animals were sacrificed
prior to initiating the cholesterol feeding, and the
remaining 4 control rabbits were studied at the
conclusion of the 16-week feeding period.
Methods
All animals were anesthetized with 2 ml of acm-
butal (60 mg/cc) intravenously, the thorax and ab-
domen opened, and 1—S ml of blood withdrawn by
cardiac puncture. The blood was mixed with one
drop of heparin,* centrifuged at 4° C for 20 min-
utes, and the plasma removed.
Four to 6 gm of skin were removed from the
nape of the neck after the hair had been carefully
shaved off. While chilling on ice, the skin was
tightly stretched on a piece of teflon, with the
dermis facing up, and the adhering subcutaneous
tissue was carefully removed with a scalpel. This
step was scrutinized under a dissecting microscope
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and with histologic sections to assure that negli-
gible amounts of adipose tissue remained.
The entire aorta was removed, and carefully
cleaned of adventitial fat while chilling on ice (13).
The skin, aorta, and plasma were extracted by
the method of Folch (19). The full thickness skin
samples were cut first into 1 cm pieces, frozen with
dry ice in an apparatus similar to that described
by Wilhelmj (20), pulverized and then homog-
enized thoroughly in a tissue grinder before the
extraction procedure. The aortas were homog-
enized in a tissue grinder prior to extraction.
Free and esterified cholesterol from each tissue
were separated by silicic acid column chromatog-
raphy (21) and subsequently quantitated by the
method of Courchaine (22). The cholesterol esters
were transmethylated by the method of Ways (23)
and the resulting fatty acid methyl esters and free
cholesterol were separated by thin-layer chroma-
tography (24). The purified methyl esters were
eluted from the silica gel with 15 ml of redistilled
ether, and appropriate aliquots were subjected to
gas-liquid chromatography as previously described(25). Peaks were identified by comparison with
standards and with the aid of logarithmic plots of
relative retention time versus chain lengths or de-
grees of unsaturation. Peak areas were calculated
by multiplication of peak height by width at half-
height, and the results expressed as moles percent.
RESULTS
Grossly visible, yellow, papular infiltrates of
the skin over the nape of the neck are first ob-
served after 4 weeks of cholesterol feeding at
a time when grossly discernible fatty streaks
initially appear in the thoraeie aorta (13). With
continued cholesterol feeding, the papular infil-
trates coalesce, and become more prominent, so
that the skin appears excessively wrinkled. In
addition, considerable alopeeia over the nape
of the neck is observed after 12 weeks of feed-
ing (Fig. 1). Frozen sections and one micron
thick methylene blue-stained sections of epoxy-
embedded tissue from the papular skin lesions
reveal a few lipid-laden cells congregated around
dermal capillaries as early as 2 weeks after initi-
ating dietary cholesterol, but large numbers are
observed by 4—8 weeks (Fig. 2).
The changes in the free and esterified choles-
terol of the skin, aorta, and plasma are depicted
in Figs. 3 and 4. Control animals sacrificed at
the end of the experimental period are not shown
in these or subsequent figures, since they display
no significant difference from the control animals
sacrificed at the initiation of the study ("0"
weeks of feeding). Both the free and esterified
cholesterol show a significant increase in the
plasma after 2 weeks of lipid feeding, while the
cutaneous and vascular sterols lag behind and
do not significantly increase until 4 weeks (Figs.
3 and 4). The plasma-free and esterified choles-
terol reach a maximum by the 8th week of
cholesterol feeding and then plateau, but the
Fie. 1. The nape of the neck of a rabbit fed cholesterol for 12 weeks is pictured. Con-
siderable alopecia is present and small, papular, xanthomatous infiltrates are seen in the skin.
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Fie. 2. A photomierograph of a portion of the mid dermis from the nape of the neck
of a rabbit fed cholesterol for 8 weeks. The xanthomatous tissue has been embedded in
epoxy resin, sectioned at 1 s and stained with methylene blue (13). Three large vascular
channels (VC) are apparent and a number of foam cells (FC) pervade the thick collagen
(C) bundles. X 700
skin and aorta continue to accumulate these
sterols throughout the feeding period. In the
plasma, skin, and aorta of cholesterol-fed ani-
mals, the esterified form of cholesterol contrib-
utes between 65—80% of the total sterols. This
is in contrast to control rabbit skin where only
8% of the total cholesterol is esterified and
aorta where 10—15% is in the esterified form.
Cholesterol palmitate (16:0), oleate (18:1),
and linoleate (18:2) constitute the major sterol
esters (80—85%) found in the plasma, skin, and
aorta. Figures 5—7 depict the alterations in moles
percent of each of these cholesterol esters at the
various intervals of time sampled after initiating
cholesterol feeding. In the ease of cholesterol
palmitate (Fig. 5), the relative percentage in
tke plasma remains unchanged during the 16-
week feeding period, while the skin and aorta
display a decrease by 4 weeks of feeding.
Cholesterol oleate (18:1) (Fig. 6) shows a
relative increase in the blood, skin, and artery
during the course of cholesterol feeding. While
the blood and aorta show significant rises after
4 weeks, the skin displays an increase as early
as 2 weeks of feeding. Although the plasma chol-
esterol oleate plateaus after 4 weeks, the skin
and aorta continue to increase during the 16-
week period in much the same manner as the
total cholesterol esters do (Fig. 4).
Plasma cholesterol linoleate (18:2) (Fig. 7)
decreases rapidly by 4 weeks of feeding and
continues to display a slow decline, while the
relative percentage of skin cholesterol linoleate
rises by 2 weeks and slowly increases. The aortie
cholesterol linoleate shows a gradual decline over
the experimental period.
The alterations occurring in the cholesterol
ester fatty acids which contribute only minor
amounts to the total (13:0—15:0, 16:1, 18:0,
18:3, and all those of greater than 20 carbons)
are shown in Figs. 8—12. The short chain, satu-
rated fatty acid cholesterol esters (13:0, 14:0,
15:0) (Fig. 8) are found in significant amounts
only in the skin, where in normal animals they
amount to some 40 moles percent. These sterol
esters rapidly drop to insignificant relative per-
centages by 2—4 weeks of cholesterol feeding.
The alterations in the remainder of the minor
CEFA are shown in Figs. 9—12. The changes oc-
curring in these esters can be seen to be rela-
tively minor and their significance is difficult to
appraise.
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DISCUSSION
A number of investigators (12, 26—28) have
observed the evolution of xanthoma in rabbits
fed cholesterol. This generally is said to require
3—10 months of feeding, and usually results in
nodular xanthoma on the legs and feet. Little
comment has been made regarding flat xanthoma
over the nape of the neck (12). No mention has
been made of the formation of such nuchal xan-
thoma within 4 weeks after cholesterol feeding.
The rapidity with which the xanthoma evolved
in the present study may be a consequence of
the large amounts of cholesterol utilized in the
diet (4%) compared to other investigations
(12, 26—28) (approximately 1%).
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The 4% cholesterol diet which was adminis-
tered in the present study resulted in plasma free
and esterified cholesterol values which were
greater than those reported by Billiau, et el.
(15) where only 1% cholesterol was used as a
supplement. However, as reported by other in-
vestigators (12, 26, 27) and reaffirmed in the
present study, the hyperlipemia develops rapidly
and precedes the accumulation of lipids in the
tissue, suggesting that at least some of the xan-
thoma lipids are derived from the plasma. The
cholesterol ester moiety in the plasma and skin
display remarkable elevations, and so it is logi-
cal to suggest that these substances may play
a significant role in evoking the pathologic pic-
ture of xanthoma.
The normal rabbit plasma cholesterol esters
are known to have a distinctive fatty acid pat-
tern (16, 17). In the present study the CEFA
pattern of normal rabbit skin (epidermis and
dermis) has also been found to have a charac-
teristic pattern which clearly differs from plasma
in that short chain saturated fatty acids (13: 0—
15:0) constitute 40% of the total cholesterol
esters, while cholesterol oleate and linoleate ac-
count for only 3—5%. With cholesterol feeding,
the CEFA patterns of the plasma and skin
undergo alterations which result in their becom-
ing more alike. This similarity is accomplished
by the shifting of the relative percent of certain
fatty acids in various directions. For example,
in the case of cholesterol palmitate (16:0) and
linoleate (18:2), there is either no change (Fig.
5), or a decrease (Fig. 7) in the plasma, while
the same esters are increasing in the skin.
Plasma cholesterol oleate (18: 1) increases dur-
ing cholesterol feeding (Fig. 6), as previously
observed by other investigators (15—17). This
study also demonstrates a remarkable increase in
the relative percent of this ester in the skin
during the evolution of xanthomas (Fig. 6).
Thus, by complex and varied modifications in
the distinctive CEFA patterns observed in nor-
mal plasma and skin, these patterns come to
resemble one another by 4 weeks of cholesterol
feeding, at a time when the first grossly visible,
papular, xanthomatous lesions are appearing,
and when the first significant increase in the
total cholesterol esters in the skin is observed.
This similarity in pattems suggests that a ma-
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jor portion of the cholesterol esters accumu-
lating in xanthoma are derived from the plasma,
but does not necessarily indicate that the depo-
sition of plasma cholesterol esters is accom-
plished in a simple random manner. Indeed,
the exact means by which sterol esters accumu-
late within cells in the dermis is unknown. It is
logical to propose that xanthomas develop as
a consequence of a number of metabolic mecha-
nisms including deposition from the plasma and
local synthetic and lipolytic processes. The pres-
ent study clearly suggests that plasma sterol
esters are deposited in the skin. On the other
hand, the metabolic studies of Wilson (28) have
provided evidence that local sterol synthesis
does not occur in xanthoma. The possible role
that cholesterol ester lipases might play in ac-
counting for the CEFA patterns found in xan-
thoma has not been investigated.
Metabolic studies on atherosclerotic rabbit
aorta have also suggested that the majority of
the cholesterol accumulating in atheroma is de-
rived from the plasma rather than local syn-
thesis (29, 30). This concept is strengthened
by a number of studies, including the present
one, which show similar CEFA patterns in the
plasma and aorta of cholesterol-fed rabbits (15—
18). This similarity is not as precise as in the
ease of xanthoma and plasma CEFA patterns
because, as emphasized by Evrard (17), by 16
weeks, the atherosclerotic aorta has a signifi-
cantly greater relative percentage of cholesterol
oleate than does plasma (Fig. 6).
Other tissues of cholesterol-fed rabbits have
been studied in regard to CEFA patterns (18),
but no comparable study has been done on xan-
thomatous CEFA patterns, nor has any attempt
been previously made to relate these patterns
to atheroma CEFA patterns. The fact that the
aorta and skin CEFA undergo alterations which
cause them to resemble one another by the time
the first grossly discernible lesions are seen in
these two tissues suggests that analogous mecha-
nisms of deposition occur. It also raises the in-
triguing possibility that alterations in the CEFA
patterns of the skin might significantly reflect
similar variations in the vasculature which oc-
cur as atherosclerosis develops.
SUMMARY
The cholesterol ester fatty acids of plasma,
skin, arid aorta were analyzed by gas-liquid
chromatography at various intervals of time
after cholesterol feeding to rabbits. During the
experimental period, the fatty acid patterns in
the plasma and the two tissues become altered
in such a way that they resemble one another
by 4—S weeks of cholesterol feeding. This is
about the time that grossly discernible lesions
of xanthoma planum develop on the nape of the
neck and fatty streaks in the aortic arch are
first observed. The similarity in the CEFA
patterns suggests that a major portion of the
sterol esters accumulating in the skin and aorta
come from the plasma, but certain differences
between the plasma and tissues also suggest that
this is not a simple random deposition. The
parallelism in the alterations of the skin and
aortic CEFA patterns suggest that the xanthoma
CEFA might closely reflect similar variations
in the vasculature which occur as atherosclerosis
develops.
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